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Rat cranial bone-derived mesenchymal stem cell transplantation promotes functional 
recovery in ischemic stroke model rats 
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⹫⾑ᛶ⬻༞୰ࡼࡗ࡚ᘬࡁ㉳ࡇࡉࢀࡿᶵ⬟㞀ᐖࡣ἞⒵ᅔ㞴࡛࠶ࡿࠋ㏆ᖺ⾑⟶ෆ἞⒪➼ࡢ㐍Ṍࡣ࠶ࡿ
ࡀࡑࡢຠᯝࡣ㝈ᐃⓗ࡛࠶ࡿࠋ௨๓ࡼࡾ୰ᯡ⚄⤒⑌ᝈ࡟ᑐࡍࡿ㛫ⴥ⣔ᖿ⣽⬊㸦mesenchymal stem 
cells, MSCs㸧ࢆ⏝࠸ࡓ⣽⬊⛣᳜ࡣὀ┠ࡉࢀ࡚ࡁࡓࠋ⬻༞୰ࣔࢹࣝ࡟࠾࠸࡚㸪MSCsࡣ⚄⤒ᰤ㣴ᅉ
ᏊࢆศἪࡍࡿࡇ࡜ࡸ㞀ᐖࡉࢀࡓ⚄⤒⤌⧊࡟㐟㉮ࡋෆᅉᛶ⚄⤒෌⏕ࢆច㉳ࡍࡿࡇ࡜ࡀ♧ࡉࢀ࡚࠸ࡿࠋ
ࡲࡓ㸪MSCsࡢ≉ᛶ࡜ࡋ࡚ࡑࡢ౪⤥※࡟ࡼࡗ࡚ᛶ㉁ࡀ␗࡞ࡿࡇ࡜ࡀሗ࿌ࡉࢀ࡚࠾ࡾ㸪MSCsࢆ⏝
࠸ࡓ⛣᳜἞⒪࡟࠾࠸࡚౪⤥※㑅ᢥࡣ㔜せ࡛࠶ࡿࠋ㦵⏤᮶MSCsࡣ㏻ᖖࡆࡗṑ㢮࡛ࡣ㛗⟶㦵࠿ࡽ㸪
ࣄࢺ࡛ࡣ⭠㦵࠿ࡽศ㞳ࡉࢀ㸪ࡑࢀࡽࡣ୰⬇ⴥ⏤᮶࡛࠶ࡿࠋࡇࢀ࡟ᑐࡋ࡚㸪 MSCsࡢ౪⤥※࡜ࡋ࡚
⚄⤒ሐ⏤᮶ࡢ㢌⵹㦵࡟╔┠ࡋ㸪௨๓࡟ࣄࢺ㢌⵹㦵⏤᮶MSCs㸦cMSCs㸧ࡣ⭠㦵⏤᮶MSCs࡟ẚ࡭
⚄⤒ศ໬ഴྥࡀᙉ࠸ࡇ࡜ࢆሗ࿌ࡋࡓࠋࡇࡢࡇ࡜࠿ࡽ㢌⵹㦵ࡣ୰ᯡ⚄⤒⣔⑌ᝈ࡟ᑐࡍࡿ⣽⬊⒪ἲ࡟࠾
࠸࡚᭷ຠ࡞౪⤥※࡜࡞ࡾᚓࡿࡇ࡜ࡀண᝿ࡉࢀࡿࠋࡋ࠿ࡋ࡞ࡀࡽ㸪cMSCsࡢ἞⒪ຠᯝ࡟ࡘ࠸࡚ࡣ࠸
ࡲࡔヲ⣽࡟᳨ウࡉࢀ࡚࠸࡞࠸ࠋ
ᮏ◊✲࡛ࡣ㸪⹫⾑ᛶ⬻༞୰ࣔࢹࣝࣛࢵࢺ࡟࠾ࡅࡿࣛࢵࢺ㢌⵹㦵⏤᮶MSCs㸦rcMSCs㸧࡟ࡼࡿ἞
⒪ຠᯝࡢᐇドࢆ┠ⓗ࡜ࡋࡓࠋẚ㍑ᑐ㇟ࡣࣛࢵࢺ㛗⟶㦵⏤᮶MSCs㸦rbMSCs㸧࡜ࡋࡓࠋrcMSCsࡣ
௜╔⤌⧊ࢆ㝖ཤࡋࡓࣛࢵࢺ㢌⵹㦵ࢆ 5mmゅ࡟⣽ษࡋ㸪ቑṪᇵᆅ࡟᧛✀ࡍࡿࡇ࡜࡟ࡼࡾᚓࡿࡇ࡜ࡀ
࡛ࡁࡓࠋrbMSCsࡣࣛࢵࢺ⬯㦵࣭⭌㦵㦵㧊࠿ࡽᇵ㣴ࡋࡓࠋࡲࡎ rcMSCs࡜ rbMSCsࡢ୧⪅࡟࠾࠸
࡚ FACS (MSC positive marker࡜ࡋ࡚ CD29, CD90, CD44, MSC negative marker࡜ࡋ࡚
CD34, CD45)࡜ከ⣔⤫࡬ࡢศ໬⬟㸦㦵㸪㌾㦵㸪⚄⤒㸧ࡢホ౯ࢆ⾜ࡗࡓࠋFACS࡟࠾࠸࡚୧⪅ඹ࡟
CD29, CD90, CD44ࡣ positive㸪CD34, CD45ࡣ negative࡛࠶ࡗࡓࠋࡲࡓ୧⪅ඹ࡟ከ⣔⤫࡬ࡢศ
໬⬟ຊࢆ♧ࡋ㸪ࡇࢀࡽࡢࡇ࡜࠿ࡽ୧⪅ඹ࡟MSCs࡛࠶ࡿࡇ࡜ࡀ☜ㄆࡉࢀࡓࠋࡇࢀࡽࡢᇶᮏⓗ࡞⣽
⬊ᛶ᱁ࡢ☜ㄆᚋ㸪ࡇࡢ rcMSCs࡜ rbMSCsࢆ⏝࠸࡚௨ୗࡢ 3⣔⤫ࡢᐇ㦂ࢆ⾜ࡗࡓࠋ⤫ィᏛⓗゎᯒ
࡜ࡋ࡚㸪mRNAⓎ⌧࡜⣽⬊⏕Ꮡ⋡࡟ࡘ࠸࡚ࡣMann-Whitneyࡢ U᳨ᐃࢆ⏝࠸㸪⚄⤒ᶵ⬟ホ౯࡟
ࡘ࠸࡚ࡣ⧞ࡾ㏉ࡋࡢ࠶ࡿ஧ඖ㓄⨨ศᩓศᯒࢆ⏝࠸ࡓࠋ᭷ពỈ‽ p್ࡀ 0.05ᮍ‶ࢆ⤫ィⓗ࡟᭷ព࡜
ࡳ࡞ࡋࡓࠋ
 ᐇ㦂ձ㸸୧⪅࡟࠾࠸࡚ real-time PCRἲࢆ⏝࠸⚄⤒ሐ㛵㐃ᅉᏊ࡛࠶ࡿ Snail, p75, Slug࡜⚄⤒ᰤ
㣴ᅉᏊ࡛࠶ࡿ Bdnf, Gdnf, NgfࡢmRNAⓎ⌧ࡢゎᯒࢆ⾜ࡗࡓࠋᐇ㦂ղ㸸୰኱⬻ື⬦㛢ሰ(MCAO)
ࣔࢹࣝࣛࢵࢺࢆసᡂࡋ㸪ࡇࢀ࡟ᑐࡋ࡚ Ctrl⩌, n=8: PBSࡢࡳ㸪rcMSCs⩌, n=8: rcMSCs 1.0
106㸪rbMSCs⩌, n=8: rbMSCs 1.0106ࡢ⛣᳜ࢆᑿ㟼⬦࠿ࡽMCAOࡢ 24᫬㛫ᚋ࡟⾜ࡗࡓࠋ⚄⤒
ᶵ⬟ホ౯࡜ࡋ࡚ࡣಟṇ⚄⤒Ꮫⓗ㔜⑕ᗘࢫࢥ࢔(mNSS)ࢆ⏝࠸ࡓࠋࡲࡓ⛣᳜ 24᫬㛫ᚋ࡟⬻ࢆ᦬ฟࡋ
࡚㸪㐟㉮⣽⬊࡟ᑐࡍࡿ⤌⧊Ꮫⓗ᳨ウࢆ⾜ࡗࡓࠋᐇ㦂ճ rcMSCs࡜ rbMSCsࡢ㥆໬ᇵᆅࢆࡑࢀࡒ
ࢀసᡂࡋࡓࠋ㓟໬ࢫࢺࣞࢫ࠾ࡼࡧ⅖⑕ᛶࢫࢺࣞࢫ࡟ᭀ㟢ࡋࡓ࣐࢘ࢫ⚄⤒ⱆ⣽⬊⭘ࣛࢵࢺࢢ࣮ࣜ࢜
࣐⣽⬊㸦NG108-15㸧࡟ࡑࢀࡒࢀࡢ㥆໬ᇵᆅࢆຍ࠼ࡓ⩌࡟࠾࠸࡚⏕Ꮡ⋡࡜ real-time PCRἲࢆ⏝࠸
ࡓ BaxBcl2ẚࡢゎᯒࢆ⾜ࡗࡓࠋ 
 ⤖ᯝࡣ௨ୗࡢዴࡃࡲ࡜ࡵࡽࢀࡿࠋᐇ㦂ձ Snail࡜ p75ࡢⓎ⌧ࡀ rcMSCs࡛᭷ព࡟㧗ࡃ㸦Snail : 
n=6, p<0.01; p75 : n=6, p<0.05, Slug : n=6, p=0.083㸧㸪ྠᵝ࡟ Bdnf࡜ NgfࡢⓎ⌧ࡀ rcMSCs࡛
᭷ព࡟㧗࠿ࡗࡓ㸦Bdnf : n=6, p<0.01; Gdnf : n=6, p=0.057; Ngf : n=6, p<0.05㸧ࠋᐇ㦂ղ MCAO
ᚋ 4᪥㸪7᪥㸪14᪥㸪21᪥㸪28᪥࡟࡚ rcMSCs⩌࡛ Ctrl⩌㸪rbMSCs⩌࡟ẚࡋmNSSࡢ᭷ព࡞
ᨵၿࡀぢࡽࢀࡓࠋ⛣᳜ 24᫬㛫ᚋ࡟᦬ฟࡋࡓ⬻⤌⧊ษ∦࡟࠾ࡅࡿ⬻᱾ሰ㒊఩࡟㸪PKH࡛ࣛ࣋ࣝࡋ
ࡓ rcMSCs࡜ rbMSCsࡣ㸪ඹ࡟㐟㉮ࡋ࡚࠸ࡿࡇ࡜ࡀ☜ㄆ࡛ࡁࡓࡀ㸪ࡑࡢ⣽⬊ᩘࡣࢃࡎ࠿࡛࠶ࡗ
ࡓࠋᐇ㦂ճ rcMSCs㥆໬ᇵᆅࢆຍ࠼ࡓ⩌࡟࠾࠸࡚⏕Ꮡ⋡ࡣ᭷ព࡟㧗࠿ࡗࡓ㸦㓟໬ࢫࢺࣞࢫᭀ㟢㸸
n=6, p<0.05;⅖⑕ᛶࢫࢺࣞࢫᭀ㟢㸸n=6, p<0.01㸧ࠋࡲࡓ㸪rcMSCs㥆໬ᇵᆅࢆຍ࠼ࡓ⩌࡟࠾࠸࡚
BaxBcl2ẚࡣ᭷ព࡟ప࠿ࡗࡓ㸦㓟໬ࢫࢺࣞࢫᭀ㟢㸸n=6, p<0.01;⅖⑕ᛶࢫࢺࣞࢫᭀ㟢㸸n=6, 
p<0.01㸧ࠋ 
 BDNF㸪NGFࡢ⅖⑕ᢚไ㸪࢔࣏ࢺ࣮ࢩࢫᢚไຠᯝࡣ㐣ཤࡢᩥ⊩࡟࡚ᩓぢࡉࢀࡿ㸦Matsuda, et 
al., 2015㸹Liu, et al., 2010㸹Sekine, et al., 2012㸹Kirkland, et al., 2007㸧ࠋᐇ㦂ձ࡟࡚ rcMSCs
ࡣ⚄⤒ᰤ㣴ᅉᏊࢆ㇏ᐩ࡟Ⓨ⌧ࡍࡿࡇ࡜ࡀ♧၀ࡉࢀ㸪ࡇࢀࡣ rcMSCsࡀ⚄⤒ሐ⏤᮶࡛࠶ࡿࡇ࡜࡟㉳
ᅉࡍࡿ࡜⪃࠼ࡽࢀࡓࠋᐇ㦂ղ࡟࡚MCAOࣔࢹࣝ࡟ᑐࡍࡿ rcMSCsࡢ⛣᳜ຠᯝࡣ rbMSCsࡼࡾࡶ
㧗ࡃ㸪rcMSCsࡢ㇏ᐩ࡞⚄⤒ᰤ㣴ᅉᏊศἪ࡟㉳ᅉࡍࡿྍ⬟ᛶࡀ♧၀ࡉࢀࡓࠋᐇ㦂ճ࡟࡚ rcMSCs
㥆໬ᇵᆅ࡟ࡣ rcMSCs࠿ࡽศἪࡉࢀࡓ㇏ᐩ࡞⚄⤒ᰤ㣴ᅉᏊࡢᏑᅾࡀ♧၀ࡉࢀ㸪⹫⾑ᶍᨃ⎔ቃ࡟ᭀ
㟢ࡉࢀࡓ NG108-15࡟࠾ࡅࡿ࢔࣏ࢺ࣮ࢩࢫࡢᢚไ࡜㧗࠸⏕Ꮡ⋡࡟ࡘ࡞ࡀࡗࡓࡶࡢ࡜⪃࠼ࡽࢀࡓࠋ 
 rcMSCsࡣ㸪㇏ᐩ࡞⚄⤒ᰤ㣴ᅉᏊࢆศἪࡍࡿ⬟ຊࢆᣢࡕ㸪⹫⾑ᛶ⬻༞୰ࣔࢹࣝࣛࢵࢺ࡬ࡢ⛣᳜࡟
࡚᭷ຠ࡞ᶵ⬟ᨵၿຠᯝࢆ♧ࡋࡓࠋࡇࡢࡇ࡜࠿ࡽ㢌⵹㦵⏤᮶MSCsࡣ୰ᯡ⚄⤒㞀ᐖ࡟ᑐࡍࡿ⣽⬊⛣
᳜࡟࠾࠸࡚᭷ຊ࡞㑅ᢥ⫥࡜࡞ࡾᚓࡿࡇ࡜ࡀ♧၀ࡉࢀ㸪௒ᚋࣄࢺ㢌⵹㦵⏤᮶MSCsࢆ⏝࠸ࡓ᭦࡞ࡿ
᳨ウࡀᮇᚅࡉࢀࡿࠋ 
 ௨ୖࡢ⤖ᯝ࠿ࡽ㸪ᮏㄽᩥࡣ㸪㢌⵹㦵⏤᮶ MSCs ࡣ୰ᯡ⚄⤒㞀ᐖ࡟ᑐࡍࡿ⣽⬊⛣᳜࡟࠾࠸࡚᭷ຊ
࡞㑅ᢥ⫥࡜࡞ࡾᚓࡿྍ⬟ᛶࢆᥦ♧ࡋ㸪௒ᚋࡢ୰ᯡ⚄⤒⑌ᝈ࡟ᑐࡍࡿ㢌⵹㦵⏤᮶ࡢᮍศ໬㛫ⴥ⣔ᖿ⣽
⬊࡟ࡼࡿ⣽⬊⛣᳜⒪ἲ࡬ࡢ⮫ᗋᛂ⏝ࡢ㐨ࢆ㛤࠸ࡓࡇ࡜࡛㧗ࡃホ౯ࡉࢀࡿࠋ
 ࡼࡗ࡚ᑂᰝጤဨ఍ጤဨ඲ဨࡣ㸪ᮏㄽᩥࡀⴭ⪅࡟༤ኈ㸦་Ꮫ㸧ࡢᏛ఩ࢆᤵ୚ࡍࡿ࡟༑ศ࡞౯್
࠶ࡿࡶࡢ࡜ㄆࡵࡓࠋ
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Rat cranial bone-derived mesenchymal stem cell transplantation promotes functional 
recovery in ischemic stroke model rats 
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
ุ  ᐃ  ྜ  ᱁ 

ୖグ㸱ྡࡢᑂᰝጤဨ఍ጤဨ඲ဨࡀฟᖍࡢ࠺࠼㸪ᖹᡂ 30 ᖺ 8 ᭶ 2 ᪥ࡢ➨ 75 ᅇᗈᓥ኱Ꮫ◊✲
⛉Ⓨ⾲఍㸦་Ꮫ㸧ཬࡧᖹᡂ 30ᖺ 7᭶ 31᪥ᮏጤဨ఍࡟࠾࠸࡚᭱⤊ヨ㦂ࢆ⾜࠸㸪୺࡜ࡋ࡚ḟࡢヨ
ၥࢆ⾜ࡗࡓࠋ 

 㸯 ඛ⾜ࡍࡿⓎ⾲ࡉࢀࡓㄽᩥ(Honmou et al, 2011)⤖ᯝࡢゎ㔘 
 㸰 ࣛࢵࢺ⬻᱾ሰࣔࢹࣝ࡟࠾࠸࡚⛣᳜᪩ᮇ࠿ࡽ⚄⤒Ꮫⓗᨵၿࡀᚓࡽࢀࡿ⌮⏤ 
 㸱 ⛣᳜ᚋ⬻᱾ሰ࿘㎶࡟㐟㉮ࡋࡓᚋࡢ⛣᳜⣽⬊࠿ࡽࡢ⚄⤒ᰤ㣴ᅉᏊࡢศἪࡢᣢ⥆ᛶ 
 㸲 㦵㧊⏤᮶ࡢᮍศ໬㛫ⴥ⣔ᖿ⣽⬊ࡢ᥇ྲྀ㒊఩࡟ࡼࡿᕪ␗ 
 㸳 㢌⵹㦵⏤᮶㦵㧊㛫ⴥ⣔ᖿ⣽⬊ࡢከศ໬⬟࡟ᑐࡍࡿከ㠃ⓗホ౯᪉ἲ 
 㸴 ࣛࢵࢺ⬻᱾ሰࣔࢹࣝࡢ⚄⤒⑕≧ࡢᨵၿࡢලయⓗホ౯ἲ  

 ࡇࢀࡽ࡟ᑐࡋ࡚ᴟࡵ࡚㐺ษ࡞ゎ⟅ࢆ࡞ࡋ㸪ᮏጤဨ఍ࡀᮏேࡢᏛ఩⏦ㄳㄽᩥࡢෆᐜཬࡧ㛵ಀ஦
㡯࡟㛵ࡍࡿᮏேࡢᏛ㆑࡟ࡘ࠸࡚ヨ㦂ࡋࡓ⤖ᯝ㸪඲ဨ୍⮴ࡋ࡚࠸ࡎࢀࡶᏛ఩ࢆᤵ୚ࡍࡿ࡟ᚲせ࡞
Ꮫ㆑ࢆ᭷ࡍࡿࡶࡢ࡜ㄆࡵࡓࠋ
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